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Whole genome sequencing and comparative genomics analysis of Escherichia coli J2_5
ZHI Yaru,ZHANG Ying, YU xinyan", LIU Xiaoqiu"
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[Abstract | Objective: A novel multidrug resistant (MDR) Escherichia coli (E.coli) strain J2_5 was isolated from a patient’ s mid-
stream urine sample. According to the genome sequence of J2_5, we analyzed its evolutionary classification, drug resistance genes and
virulence genes, providing theoretical basis for clinical diagnosis and drug selection for drug resistant bacterial infection. Methods:
Genome DNA of J2_5 was isolated and sequenced by high - throughput sequencing technology, after analyzed the high - throughput
sequencing data and compared it with known databases by a variety of bioinformatics tools,a high integrity genome of J2_5 was obtained.
Results: The total length of the whole genome of J2_5 was 4.7Mb and GC content was 50.78%. Phylogenetic tree analysis showed that J2_
5’ genome was closely related to that of wild type E. coli strain MG1655. But Multilocus sequence typing (MLST) analysis revealed ST
type of J2_5 was ST2491, which was different from that of MG1655 (ST10). Furthermore, CARD database analysis showed that the
genome of J2_5 encodes 65 drug resistance genes,which make the strain obtain drug-resistant ability through four different mechanisms
(antibiotic efflux pump, antibiotic inactivation, antibiotic target change, reduced permeability to antibiotics). VFDB database analysis
showed that there were 40 virulence genes in 7 categories, encoding adhesive proteins, invasion proteins,autonomic transporters and other
toxin proteins. After analyzing the whole genome of J2_5 through the Prophage Hunter online tool, we found that there were three
prophages in the genome of J2_5,and a virulence gene was carried by one of the prophages. Conclusion: The whole genome sequencing
results showed that J2_5 carries some virulence genes and drug resistance genes, which makes the strain obtain strong pathogenicity and
resistance ability to a variety of antibiotics.
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Table 1 Primers used in this study

H 3L IR B 5191751 (5'—3") F B K/ (bp)

R A YZ3 it 3] 3-1up TCGCTGTATGGACGGATGG 431
3-1down TCACGCATCATCCACTCC
3-2up CGTTGTTGCTGGGTATTG 652
3-2down GCCGTGGAGACGATGT
3-3up TGGACCACGCCGCTATT 760
3-3down TCTCCTCGCAATAACCAAT

JE AR YZ24 it 55 24-1up GCGGCTGAACATACCA 257
24-1down TTCGGAAGGAAGAATGAATGG
24-2up CGGATGGCGTATGAGGT 763
24-2down TGAGGACCACGACGAAC
24-3up CCAGTTAGTTCGGTTGTCC 291
24-3down TGGTGGCAGGAAGGTGT

R BA YZ58 4itfith 51 58-1up TGAAGCCCGCTCTATG 406
58-1down TGCGAGGAAATGACAATGGA
58-2up TCGCCTCCATCAACAA 721
58-2down CTCGCTTCCACGACAACACC
58-3up TATTGCCGCTCTGTTCC 674
58-3down GGCCTTCACGCTTCATT
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A A% B L (NCBI) 9 SRA B4 5, B %5 N .
SRR18067191,

2 &% R

21 AR@AMNF5AE
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Functional Category Distribution

icd .mdh .purA .recA %5 T F 5, 5 K FF#
MLST 43 0 B85 e X, & 7R J2_5 B #k ST 7
ST2491, 5 K JHHF# MG1655 B #k ST 435 (ST10) A
], 7T F RN FEH 6 SN P51 B A B AR

Feature Counts

A JRNA processing and modification(2)

| B |Chromatin structure and dynamics(0

| J Translation , ribosomal structure and biogenesis(181)
| K] Transcription(193)

| L |Replication, recombination and repair(245)

D Ceﬁ

| M| Cell wall/membrane/envelope biogenesis(258)

| N |Cell motility(71)

| O JPosttranslational modification , protein turnover, chaperones (141)
| T |Slgnal transductlon mechanlsms (139

| U |Intracellular trafficking, secretion, and vesicular transport(70)
|V |Defense mechanisms(47)

| W |Extracellular structures (1

|Y INuclear structure(0)

| Z ]Cytoskeleton(0)

| C |Energy production and conversion(30)

| EJAmino acid transport and metabolism(355)

| F INucleotide transport and metabolism(93)

| G |Carbohydrate transport and metabolism (328)

| H |Coenzyme transport and metabolism(131)

[1]Lipid transport and metabolism (94 )

| P]Inorganic ion transport and metabolism (254 )

| Q]Secondary metabolites biosynthesis , transport and catabolism(55)
| R]General function prediction only(287)

[ S]Function unknown(382)

cycle control, cell division , chromosome partitioning(35)

1 ETFCOGHIREME. coli J2_5SERFREFNN T
Figure 1 E. coli J2_5 gene annotation category distribution based on COG database
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Table 2 MLST analysis results

B R ARE(%) sk SRR
adk 536 100.00 0 adk_10
fumC 469 100.00 0 SumC_11
gyrB 460 100.00 0 gyrB_4
icd 518 100.00 0 icd_8
mdh 452 99.78 0 mdh_7
purA 478 100.00 0 purA_8
recA 510 100.00 0 recA_2

ST4EH . ST2491

Escherichia coli 0157 : H7 strain 4276
Escherichia coli 0157 :H7 strain 8368
Escherichia coli 0157 :H7 strain 1130
Escherichia coli 0157 :H7 str. Sakai
Escherichia coli strain ECONTH 1
Escherichia coli 042

Escherichia coli strain 94-3024
Escherichia coli strain RM9387
Escherichia coli strain ST2747
Escherichia coli BL21(DE3)

Escherichia coli J2_5

Escherichia coli str. K-12 substr. MG1655
Escherichia coli K-12 strain K-12 C3026
Escherichia coli K-12 strain K-12 DHB4
Escherichia coli ATCC 25922
Escherichia coli 025b:H4-ST131 strain EC958

2 E. coli 2 SEFTMLSTHEMRGELZER
Figure 2 E. coli J2_5 phylogenetic tree based on MLST typing
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K FF 3L 4 R (E. coli common pilus, ECP) |
CFA/1 B E (CFA/ fimbriae) . I 5 E (type I fimbri-
ae) KA TE Z R 8 1455 1 E (E. coli laminin-
binding fimbriae, ELF) |t} ifil 4 % #F 14 74 & (hem-
orrhagic E. coli pilus, HCP) i N Bz 41 e 42 28 % (in-
vasion of brain endothelial cells, Ibes) .P & & (P fim-
briae) (4 7 fft 25 >3 S 5E A o 38 i VFDB S8 X
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R3 E. coli 2 5THARENIER

Table 3 Analysis results of E. coli J2_5 drug resistance gene

i 25 HL

[BESETES

ATP 456 & (ABC) Hid: RAMER
FEG TG (MFS)HiE R IMIER

Yojl .msbA

PSS 1706 (RND) Ht A RAMIER

/NI ZZ 25T 25 (SMR) A ZRAMIERE
FEGAF BRI (MFS) HuE ZAMHER Ptk
45136 (RND) B RAMIER

ATP 254 & (ABC)HUAE ZAMER . E 2 5 kT
R (MFS) §t 4= R AN BT 435 o ik
(RND)HLA ZAMIERE

YA Fod A PR

YA R A

PUER K

mdtH .mdtG . mdtN .emrB . gacEdeltal . KpnF . KpnE .mdfA . mdtP . md-
10 \tet(A) .emrA .emrR .mdtM

aceA . acrB. acrD | AcrE | AcrF | AcrS . acrR. baeR . baeS. cpxA. CRP .
gadX .marR .mdtA .mdiB .mdtC .mdtF .oqxA .oqxB .marA .rsmA

emrk

H-NS .evgA .evgs

soxS .soxR . TolC

marA \soxS

PmrF bacA .sull \sul2 .eptA ugd .dfrA17 .marR . acrR . soxS .soxR . gy-
rA . GlpT .parC .EF-Tu

ampH .mphA .aadA5 APH(4)-la .TEM-1 .ampCI .ampC AAC(3)-1V .
CTX-M-65




- 1070~ [ S PN

425 8

(papA .papC .papD) . %% CFA/L # B 1) 3 [H (cfad |
cfaB .cfaC .cafD/E) Fit%h H F 551z E I EE A (aa-
tA . cah . cdiA) | Z B 1 PN B A0 D 2 28 L ) (ibeB
ibeC) Hf TTSSELN 7 1 ib 22 B FE PRI (espLl .esplA4 .
espR1 . espX1 .espX4 .espX5) it ACE T6SS I 7
IR GEIE I aecl5 Gt IS AL) BRI HIS /R AR TR #E E 11
SUCHER ik 5 A= W BEOE A S adeG S iy TR
BFEN P E -1 pegB stcC 5 . HHr, adeG pegB
steC 3Gt IE H Ry 25 AR AT, 78 HoAth K i 1
i (40 E.coli 0157 H7 str. EDL933 ., E.coli APEC
01 .E.coli CFTO73 % 21 MR K IAFT 1 ) YK & PR
2.7 JRET AR TN R I IE
A 5T 4 ] Prophage Hunter I B (A< 70 T H
XFRIAKT IR J2_5 1 3 R 20 33547 BLAST R 40 (&
4), TN J2_5 HEPI A P AFELE 3 IR A O\ 3]
TR A 44 YZ3 Y724 YZ58) , [A] ik % K kT i
MG1655 H PR A48 2 43 B, 48 R 3 7 A4 1ij Wk 7w 4
J2_5 B 5 MG 1655 FE PR 20 T ANAEAEAH [F] ) I o
TRAH I 38 o Xt 725 3 DRI AT 1 9903000 81 17 1 4 A
K DXIRHA T8 IR, 7 scaffold24 X3k A 14~
Yt F 458 A OCEE S awd . ILAR ARG
FERTIN T T A A X SR A B A R AR G
FEIR 78 34 FE R AR X e oA R B A AR
KHEN A, W ARAS & KT 5 J2_5 e
AR FE R A Z8AA , TR RE ST AHDCEE R B 34
fifi FHBE T B9 51 H % 15000 64 TR I B AR YZ3
Y724 Y758 4wt 3 5\ 47 PCR 4 , 45 S i 4 Jor
o MEITRILIE 25| ¥ 3-1up/3-1down . 3-2up/3-
2down ., 3-3up/3-3down ,24-1up/24-1down . 24-2up/24-
2down . 24-3up/24-3down ., 58-1up/58-1down 58 -2up/
58-2down ,58-3up/58-3down 1] LAY 14 H J2_5 FE A 4H

202248 1
Ste(Salmonella )-STC 8 F. coli str.
Peg(Salmonella)-Peg K-12 substr.

MG1655
=J2.5

AdeFGH efflux pump/transport autoinducer
Flagella(cluster 1 )(Yersinia)
ACET6SS

EspX5

EspX4

EspX1

EspR1

Espl4

EspL1

Invasion of brain endothelial cells(Ibes)
Contact-dependentinhibition CDI system

Type I fimbriae

P fimbriae

Hemorrhagic E. coli pilus(HCP)

E. coli laminin-binding fimbriae (ELF)
E. coli common pilus(ECP)

CFA/I fimbriae

0 2 4 6 8 10

3 E. coli str.K-12 substr.MG1655 5 E. coli J2. 5F 5
FLbE

Figure 3 Comparison of virulence factors in E. coli str.k-12
substr.MG1655 and E. coli J2_5

Hh L TR R DNA 1B H B4, HoR/N—80. F
PCR 4 37 WA il 7 450, S e 45 5 725 BE 1A
A R SR T HO B, 5 RS, B8 Y A )
PR iF A2 TN 320 ) s P A L P 31

303 i

AT B 251k 0 BRI 280, A T iR
AR 25 AL AT R 25 0 KM T T AE S AL 2R
AMR J K], Ff-H i Se 3 KK P15 32 25 HoA A
TiE$ 245 5 PR A [] B b 1] ) P K P A i 2 2 3 %
R 24 BRI AR TR 24 TR R ) DR B [ AR AR 2 BT
A TR T R0 TS 24 5 DAL A8 8505 T 24
7 A e A 3 B BIL AR S A e A 9 T R A ST 119 )

%4 E. coliMG16555E. coli J2_5 ERAREE AL
Table 4 Comparison of E. coli MG1655 and E. coli J2_5 genomic prophages

Sequence ID Start End Category Score V58 T 1A NCBI &35
J2.5 47493 57711 Ambiguous 0.63 N/A —
J2_5 1236 14 979 Ambiguous 0.70 Enterobacteria phage IME_EC2 KF591601.1
2.5 205 16 199 Active 0.99 Stx2-converting phage Stx2a_WGPS8 AP012540.1
MG1655 564 755 586 103 Active 0.91 Enterobacteria phage HK629 JQ182735.1
MG1655 1411899 1435001 Active 0.88 Escherichia phage Rac-SAS3 KU052037.1
MG1655 1639 043 1 665 206 Active 0.83 Enterobacteria phage SfV U82619.2
MG1655 554 781 588 569 Ambiguous 0.66 Enterobacteria phage HK629 JQ182735.1
MG1655 1196 209 1211578 Ambiguous 0.78 Shigella phage SfIV KC814930.1
MG1655 2985 735 3002 152 Ambiguous 0.60 Stx2-converting phage Stx2a_WGPS2 AP012537.1
MG1655 4529 542 4550977 Ambiguous 0.66 Stx2-converting phage 86 AB255436.1
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M: DL2000 DNA Marker; 1: PCR product by 3-1up/3-1down from
prophage YZ3;2: PCR product by 3-2up/3-2down from prophage YZ3;
3: PCR product by 3-3up/3-3down from prophage YZ3;4:PCR product
by 24-1up/24-1down from prophage YZ24;5:PCR product by 24-2up/24
-2down from prophage YZ24;6:PCR product by 24-3up/24-3down from
prophage YZ24; 7: PCR product by 58-1up/58 - 1down from prophage
YZ58; 8: PCR product by 58-2up/58-2down from prophage YZ58;9:
PCR product by 58-3up/58-3down from prophage YZ58,
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Figure 4 Identification of prophage by PCR
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